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Exercise : Environmental balance of a single family house 
 
 
1 Energy related impacts 
1.1 Heating (heat losses, solar and internal gains, heating load, impacts of gas heating) 
1.2 Lighting (sizing artificial lighting, occupancy schedule, impacts of electricity production) 
+ other electricity consumption  
1.3 Domestic hot water (sanitary equipment + impacts of gas boiler) 
  
2 Impacts related to the treatment of domestic waste  
2.1 Glass (fabrication, sorting, recycling) 
2.2 Paper (fabrication, incineration) 
2.3 Other waste (incineration, possible heat recovery) 
 
3 Other impacts 
3.1 Impacts related to water consumption 
cold and hot water consumption, impacts of production/distribution of drinking water, waste 
water treatment 
3.2 Impacts related to construction materials 
Fabrication, on site implementation (5% de surplus), waste treatment (inert waste or 
incineration); materials accounted for : concrete, concrete blocks, glass wool, polystyrene, 
gypsum, timber, glass, steel, clay tiles and mortar (other components are neglected. 
3.3 Impacts generated by transportation 
Home-work commuting, individual car or public transport. 
 
4 Performance improvement 
Alternatives will be compared to the previous case (life cycle balance) : 
- bioclimatic architecture (lower heating and lighting loads) 
- solar water heater 
- energy recovery on waste incineration and paper sorting / recycling  
- reduced water flow rate (cold and hot)   
- timber construction instead of concrete 
- reduction of transport distances 
- energy saving domestic appliances 
- wood fuel heating 
 
Results to be provided 
Environmental indicators (GWP at least) for the impacts sources (heating, water consumption, waste, 
transport) for the reference case and at least one alternative. 
 
Annexes 
1 Plans of the house, characteristics (site and climate, building, occupancy and use),  
2 Method to evaluate heating loads, 
3 Method to size artificial lighting, 
4 indicators derived from life cycle inventories of materials and processes 
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Annex 1 : description of the building and data 
 
 
1 Geometry 
 
1.1 Plan 
 

 
1.2 East facade 
 

 
 total area : 30 m

2
, including windows (4.2 m

2
) and door (1.8 m

2
) 

 
1.3 West facade 

 
Total area  : 30 m

2
, including 10 m

2
 windows 

 
1.4 North and south facades, floor and roof 

North and south facade area : 20 m
2
 

No window and door 

Floor and ceiling area : 96 m
2
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2 Construction 
 
2.1 facades 
 

 

mortar 
 

concrete blocks 
 

polystyrene 
 

gypsum 

+ internal walls : 60 m2 
with 3 cm gypsum board 
+ doors : 0.2 m3 timber 

                            1,5      20         10  1   (cm)   
 
2.2 Ceiling 

 

 
 
Glass wool, 20 cm 
 
gypsum, 1 cm 
 
 
+ roof : 1.5 cm clay tiles (135 m2, 
density : 1900) and 0.5  m3 timber 

Ventilated roof-space (T= Text) 
 
2.3 Floor 

 

concrete, 20 cm 
polystyrene, 8 cm 
 
+ fondations : 8 m3 concrete blocks 
and 8 m3 concrete 
+ steel (reinforcement), 0.3 m3 

density 7800 kg/m3 
Ventilated crawl space (T= Text) 
 
2.4 Properties of materials  
 

material κ (W/m/K) ρ (kg/m3) Cp (Wh/kg/K) 

mortar 1.15 2000 0.24 
concrete 1.75 2400 0.26 
Concdrete blocks 1.05 1300 0.18 
polystyrene 0.039 25 0.34 
timber 0,14 630 0,36 
glass 1,05 2500 0,5 
gypsum 0.35 900 0.23 
Glass wool 0.041 50 0.23 

 
 
 
 
2.5 Windows 
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double glazing (2 x 4 mm glass), wooden frame (3 cm thick) = 15% of the area 
solar transmission factor of glazing : 0,72 

U = 1,7 W/m2/K, day/night average accounting for wooden shutters (2 cm thick) closed at 
night. 
 
2.6 Door 

U = 1 W/m
2
/K (3 cm wood and 4 cm polystyrene) 

 
2.7 Thermal bridges 
0,5 W/m/K all around the floor slab. 
 
2.8 Radiative properties of materials (inside) 
 walls : ε = 0.9 and α = 0.5, ceiling : ε = 0.9 and α = 0.3, floor : ε = 0.9 and α = 0.9 
 
2.9 Other components 
Heating : 500 kg steel 
 
 
3 Operation 
 
3.1 Ventilation 
Air revewal : 0.5 volume per hour (constant) 
 
3.2 Occupancy 
4 persons, lighting of 15% of the house area at 180 lux (over a working surface 0,90 m 
abouve the floor) during 6 hours, other electricity consumption : 2,300 kWh / year. 
Occupancy 300 days per year (to be used for lighting, water consumption, domestic waste 
generation). 
 
3.3 Heating 
Average internal temperature 19°C, constant 
Gas heating 
 
3.4 Water consumption 
Cold water : 100 l/day/ person 
Hot water : 40 l /day/ person, 50°C, 10°C cold water, gas water heating. 
 
3.5 Waste 
Generation of 1,2 kg domestic waste per person and per day, including 12% glass  (50% 
sorted) and 30% paper, not sorted 
Construction waste correspond to 5% of the useful quantities, renovation and replacement of 
components will be neglected, demolition waste is considered as inert (landfilled) except 
wood and polystyrene, incinerated. 
 
3.6 Life span : 80 years 
 
 
 
 
 
 
 
4 Site 
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Paris 
No shading 
Latitude : 48°46' North 
Longitude : 2°01' East 
Glass and paper waste are collected by the municipality 
Other domestic waste is incinerated (average lower heating value : 1.45 kWh / kg) 
Water network (mains) efficiency : 80% 
Home-work commuting: 12 km distance, one return every working day (230 per year) for 2 
persons, one using individual car and the other public transport (train)  
 
5 Alternatives 
 
5.1 Bioclimatic design 
Most glazed facade South oriented instead of West  
South facing windows : 15 m2 instead of 10 
External insulation 
Heat recovery on ventilation air, 80% efficiency (50% accounting for air infiltration) 
Artificial lighting 5 hours a day instead of 6 
The variation of material related impacts (due to higher window area) will be neglected. 
 
5.2 Solar domestic hot water 
50% reduction of yearly energy use (solar fraction) 
 
5.3 Domestic waste treatment 
50% paper sorting and 75% glass sorting 
Heat recovery on waste incineration, 80% efficiency, substituting fuel  
average lower heating value of incinerated waste : 1.45 kWh / kg 
 
5.4 Water saving 
Low flow rate sanitary equipment, water consumption reduced by 30%  
 
5.5 Timber construction  
- walls : mortar and concrete blocks replaced by 2 cm timber 
- floor : concrete replaced by 2 cm timber 
 
5.6 Transport 
Distance of 2 km instead of 12, use of bus 
 
5.7 Reduction of electricity consumption 
Energy saving domestic appliances : 1,300 kWh/year instead of 2,300 
Low consumption lighting (75% saving). 
 
5.8 Use of wood fuel instead of gas for space and water heating 



page 6 

Annex 2 : heating load calculation 
 
1 Heat losses 
 
Superficial thermal resistances (convection + radiation heat transfer) 

  
 
Specific heat of air : 0.34 Wh/m3/K 
Heating degree days in France  : 58000 (North), 47000 (intermediate) , 32000 
(Mediterranean) 
 
2 Internal gains 
 
Ai (kWh) = Floor area x 22.9 (North), 21.7 (intermediate) or 18.1 (Mediterranean) 
 
3 Solar gains 
 

As = (Σ A Fts Fe C1) . E 
For each window :  
A : window area (glazing + frame) 
Fts = Fs (solar transmission factor of the glazing, see annex 1) x proportion of glazing 
Fe : shading coefficient (1 if no shading) 
C1 : according to orientation and slope, see table hereunder 
E : solar radiation on a vertical South plane, 410 kWh/m2 (North), 440 (intermediate) or 460 
(Mediterranean) 
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4 Heating load 

 
X = (solar gains + internal gains) / heat losses 
Thermal mass, see table hereunder 
 
single family house  : 
 
Thermal mass level  
High Heavy walls and floor 
Average Heavy floor 
Low Heavy walls 
Very low No heavy floor and wall 
 
F is provided on the following graph. 
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Heating load = Heat losses x (1 – F) 
Or Heating load = Heat losses – τ . Gains 
Utilisability factor of gains, τ, is F / X
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Annex 3 : artificial lighting 
(standard NF-C71-121) 
 
 
 
 
1 Data on lamps and reflectors  
 
 
Lighting efficiency of an incandescent bulb : η = 13 lumen / W 
Power of one bulb : 100 W 
Efficiency of the reflector : ηsi = 0.6 downwards and ηss = 0.1 upwards 
Class of the reflector : C 
Uniform distribution of the lamps in a grid, distance between 2 lamps : m=3 meters in length 
and n = 2 meters in width, distance between one lamp and a wall (in both directions) : p=q=0 
meter. 
The distance between lamps and ceiling is neglected  (h’ = 0), the working plan is 0,90 meter 
above the floor (h = 1,6). 
 
 
 
2 Calculation of illuminance 
 
 
- notations : 
N : number of lamps 
P : electric power of a lamp 
a : room width 
b : room length 
K = a.b / (h . (a+b)) 
Km = 2 m.n / (h. (m+n)) 
Kp = (a.p + b.q) / (h . (m+n)) 
j = h’ / (h + h’) 
 
K, Km and Kp allow F’’u to be derived from table 1 (next page). 
j and K allow R4, S4inf (use class C) and S4sup (class T) to be derived from table 2 (ρ1 is the 
refexivity of the ceiling, ρ3 of the walls and ρ4 of the floor) 
The illuminance provided downwards by the reflector (Einf) and the illuminance upwards 
refected to the working plan (Esup) can then be calculated : 
Einf = N P η ηsi (R4 . F’’u + S4inf) / (1000 a b) 
Esup = N P η ηss S4 sup / (1000 a b) 
 
The total illuminance on the working plan can be derived : E (lux) = Einf + E sup 
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Annex 4 : indicators derived from life cycle inventories of materials and processes 
 
 
  Heating, kWh load  
 unit kWh gas kWh fuel kWh wood KWh elec heat kWh elec base 
GWP kg CO2 0,28 0,37 0,02447 4.86E-01 8.67E-02 
Primary energy kWh 1,56 1,646 2,624 5.20E+00 6.93E+00 
acidification kg SO2 0,00037 0,0008515 0,0008005 3.31E-03 5.99E-04 
smog kg C2H4 0,00011 0,0004039 0,0002159 3.19E-04 6.02E-05 
eutrophication kg PO4 0,0000448 0,0000548 0,0000944 2.22E-04 4.06E-05 
water m3 0,0003744 0,001148 0,0003132 9.99E-02 2.46E-02 
Rad. waste dm3 1,885E-06 2,324E-06 1,795E-06 3.60E-05 7.52E-05 
Other waste kg eq. inert 0,025 0,02426 0,01657 2.18E-02 1.16E-02 
 
 kg new paper kg rec. paper kg new glass kg rec. glass kg waste 

incinerated  
m3 
drinking 
water 

Waste water 
treatment per 
person / year 

GWP 0.43 0.11 1.27 1.01 0.77 0,0087 24,65 
Primary energy 10.76 1.22 4.97 3.09 0,31 3,38 216,6 
acidification 0,01446 0,007666 0,004456 0,00381 0,00032 0,000669 0,1547 
smog 0,002575 0,001679 0,0006518 0,000445 0,000148 8,15E-06 0,04509 
eutrophication 0,001224 0,0002985 0,0002452 0,000206 0,000021 3,94E-05 3,007 
water 0,034 0,017 0,079 0,0172 0,097 1,01 1,071 
Rad. waste 0,00005866 0,00002933 0,00000976 0,00000488 8.7E-10 3,56E-05 1,76E-03 
Other waste 0,1502 0,0706 0,393 0,150 0,18 0,0069 3,977 
 
 kg concrete kg mortar kg polystyrene kg gypsum kg glass wool kg timber kg steel 
GWP 0,133 0,18 3 0,136 0,98 -1.72 2,09
Primary energy 0,28 0,39 29,3 0,59 5,82 7,63 12
acidification 0,00036 0 0,008 0,0013 0,0078 0,000337 0,0052
smog 3,40E-05 0,0005 0,007 0,00053 0,00091 0,000076 7,00E-04
eutrophication 4,60E-05 0,0000687 0,0011 0,000085 0,00089 0,000055 0,00056
water 0,00069 0,00015 0,035 0,002 0,029 0,0028 0,025
Rad. waste 

8,50E-06 
0,000014 

0,0045 
0,0000006

7 0,0000106 0,00003 3,10E-05
Other waste 0,0076 0,05 0,42 0,0013 0,058 0,123 0,74
 
 

m2 painting 
kg concrete 
blocks 

kg clay tile pkm car pkm bus pkm train Average inhabitant 
(F) 

GWP 0,255 0,125 0.247 0,187 0,049 0,006 8680 
Primary 
energy 1,92 0,26 

0.84 
0,85 0,22 0,04 

48760 

acidification 0,0017 0,00052 0.00094 0,0012 0,0004 3,90E-05 62.3 
smog 0,00056 0,0004 0.000457 0,00091 0,00043 2,60E-05 19.7 
eutrophication 8,20E-05 0,000064 6.79e-5 9,90E-05 5,20E-05 3,90E-06 38.1 
water 0.0077 0,0007 0.00147 0,00146 0,000347 0,000143 339 
Rad. waste 1,70E-05 0,0000035 0 1,10E-05 2,97E-06 3,00E-07 0.51 
Other waste 0,042 0,025 0.025 0,049 0,013 0,013 10400 
 Source : Frischknecht R., et al. , 1996, Oekoinventare von Energiesystemen, 3. Auflage, ETH Zürich / PSI 
Villigen 
See also www.ecoinvent.ch  
 

http://www.ecoinvent.ch/
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